The medically important mosquito, Aedes albopictus, has recently become established in several locations within the United States. A three-year survey of temporal variation in allele frequencies at ten enzymatic loci in 17 populations was undertaken to determine the extent and direction of change since the colonisation event. Significant, but nondirectional, changes were detected in allele frequencies at most of the loci in all populations. Some alleles detected at low frequencies in earlier samples were not found in subsequent samples. Variance of allele frequencies remained unchanged. In at least two locations, there was an increase in mean heterozygosity, perhaps because of gene flow. There was no significant change in the levels of genetic variation within and among populations. The results from this study indicate that the breeding structure of Ac. albopictus in the U.S. did not differ substantially from that in a native habitat, either soon after colonisation or after several generations in the new habitat. We suggest that a large founder population, gene flow and a rapid population expansion could explain the present breeding structure of Ac.
INTRODUCTION
We have been studying the population genetics of Aedes albopictus (Skuse) (Diptera: Culicidae), a medically important mosquito, since its introduction into the U.S. in the early 1980s (Black et a!., 1988 (Black et a!., a, b, 1989 . Ae. albopictus has historically been a successful coloniser (see Hawley 1988) . Although there have been a few small introductions into the U.S. in the last few years (Eads, 1972; Reiter and Darsie, 1984) , a large breeding population was discovered for the first time in Harris County, Texas, in August 1985 (Sprenger and Wuithiranyagool, 1986) . The mosquito was probably introduced as eggs or larvae in used tyres shipped from Asia (Craven et a!. 1987) ; diapause profiles and allozyme analysis suggest northern Japan as their most likely origin (Hawley et a!., 1987; Kambhampati et al., in preparation) . The present distribution of Ae. albopictus in the U.S. includes some 20 southeastern, north-eastern and midwestern states (Centers for Disease Control, 1987 Previous studies on Ae. albopictus (Black et a!. 1988a, b) from the U.S. and southeast Asia revealed that genetic drift at the local level is integral to its natural breeding structure. That is, in both habitats, most of the variation in allele frequencies arises from the within population component and the high variance within populations in the U.S. is not a consequence of the recent colonisation. Mean heterozygosity of U.S. populations was also comparable to that in one native habitat, suggesting the possibility of an unusually large founder population.
Given this information, we wished to determine the extent and the direction of change in allele frequencies of the U.S. populations of Ae. albopictus since the first sampling in 1986. Spatial and temporal variation inallele frequencies of 17 populations was studied over three years to determine if there was a change in local breeding structure and/or in the levels of genetic variation since the colonization. If genetic drift at the local level is still continuing, a large proportion of the variance in allele frequncies would be attributable to variation among locations within cities as reported by Black eta!. (1988a) . If there were "founder effects" (Mayr, 1963) directly associated with the colonisation, there might be a decrease over time in within population genetic variation and a concurrent increase in between population genetic variation through a random loss or fixation of alleles.
We undertook a nested spatial sampling of populations (Black et a!., 1988a (Black et a!., , b, 1989 ) which involved sampling a number of cities and several locations within some of those cities. This design may enable one to detect drift at the local level by the partitioning of variance in allele frequencies into two components, among locations within cities and among cities. Random loss or fixation of alleles among the U.S. populations as a whole can be detected by estimating measures of within and between population variation, i.e., mean expected heterozygosity and genetic distances, respectively.
Studies of genetic structure of colonising species often suggest a decrease in genetic variation resulting from drift, but only in populations several hundred generations removed from the original founders (e.g., Bryant et a!., 1981; Easteal, 1988; Johnson, 1988; Schwaegerle and Schaal, 1979; Taylor and Gorman, 1975) . The discovery of Ae. albopictus soon after its arrival to the U.S. gives an opportunity to study the genetics of this species during the process of colonisation and to obtain a better understanding of the relative importance of the various evolutionary mechanisms in speciation and in the biological control of insect pests, which often involves the deliberate introduction of exotic species.
MATERIALS AND METHODS
Samples of Ae. albopictus were collected twice a year in and around Harris County, Texas. Ae. albopictus was first reported in large numbers from a location within Harris County (Sprenger and Wuithiranyagool, 1986 Individuals assayed in 1986 consisted of the parentals. In subsequent assays, the parentals were allowed to mate and oviposit freely in a large cage and the F1 adults were assayed.
Ten polymorphic loci were resolved for each population and sampling date using the Hoeffer SE600 vertical polyacrylamide gel electrophoresis Mean expected heterozygosity estimates for populations during the study period are given in table 2. One-way ANOVA was carried out on average expected heterozygosity (Hexp, transformed to arcsinV'i, Zar (1984) ) for each population over all the sampling dates. There were no significant differences in mean heterozygosity in all comparisons of all populations. Although many of the correlations between sampling date and mean heterozygosity, mean number of alleles and per cent of loci polymorphic were negative, none were statistically significant at the 5 per cent level.
Mean expected heterozygosity compared by
ANOVA among all populations gave no differences significant at the 5 per cent level. Mean genetic distance (Nei's unbiased (Nei 1978) averaged over all the populations for each of the 5 sampling dates, table 3) did not indicate a systematic increase or decrease in divergence levels during the period of study.
The variance in allele frequencies was partitioned into variance among cities and among locations within cities for samples collected in the summer of 1986 and in the fall of 1988 (table 4). As previously reported by Black et a!. (1988 a, b) , most of the variation at both sampling dates was attributable to variation within locations and only a small proportion of the total to variation among locations. In the summer of 1986, 863 per cent of the total variation was attributable to variance among locations within cities, and the remaining 137 per cent to variance among cities. In the fall of 1988, the corresponding figures were 856 and 144 per cent, respectively.
DISCUSSION
In this paper, we presented the results of a threeyear study on temporal and spatial variation in population genetic structure of Ae. albopictus, a recent arrival to the continental U.S. Our primary objective was to determine if we could detect in Ae. albopictus all or some of the consequences of drift often claimed to be associated with colonisation by a small number of individuals (e.g., Mayr, 1963) . Although decreased genetic variation has been demonstrated in some colonising species (e.g., Bryant et a!., 1981; Easteal, 1988 , Johnson, 1988 , Schwaegerle and Schaal, 1979 , it is not known how early after the colonisation event the effects of drift might be detectable and if such effects are a necessary consequence of colonisation.
Allele frequencies in the U.S. populations of Ae. albopictus changed significantly, albeit seemingly randomly, during the study period. Drift at the local level (Black et a!., 1988a) , is probably continuing. Some of the alleles detected at low frequencies in 1986 were not detected in subsequent samples, suggesting loss through genetic sampling. For example, in New Orleans site 1, the Idh locus, which was polymorphic in all the populations examined (including New Orleans site 1 in 1986), became monomorphic in a few generations. Control efforts involving insecticides in some parts of the U.S. may also have contributed to the loss of some low frequency alleles. Selection as the causal factor is unlikely because of the short time involved and the lack of a systematic change in allele frequencies at the Idh locus in any of the other populations. Despite the loss of some low frequency alleles, there was no significant overall change in mean heterozygosity over the three-year period; none of the correlations between time and the Texas populations, the lack of a systematic change in the divergence levels among these populations (table 3) suggests that there was no change in the variance of allele frequencies over time (Falconer, 1981) . Therefore, with regard to variance components, the U.S. populations were similar to those from a native habitat soon after establishment and remained so after several generations in the new environment. Strong local differentiation also exists in the ribosomal DNA nontranscribed spacer region of Ae. albopictus (Black et al., 1989) . Black et a!. (1988a, b) suggested that local genetic drift could arise from a patchy distribution of breeding sites and dispersal habits of Ae.
albopictus, which in the U.S. breeds primarily in tyre dumps in urban areas. Each dump may contain thousands of tyres and is usually separated from others by a considerable distance and urban structures creating barriers to dispersal. In very large tyre dumps, the population may be further subdivided because Ae. albopictus disperses only about 150-200 m from its breeding sites (Hawley, 1988 ).
Our results confirm those of Black et a!. (1988a, b) that genetic drift is a characteristic of the local breeding structure of Ae. albopictus. We have also shown that breeding structure has not changed as a result of the colonisation. The lack of any "founder effects" (Mayr, 1963) , other than the loss of some rare alleles, suggests several possibilities. For example, it could be too early to detect significant loss of within population genetic variation. Direct and circumstantial evidence, however, suggests that the dynamics of colonisation of the U.S. by Ae. albopictus is a more likely explanation for the observed patterns of allele frequency variation. First, it is probable that there was one very large introduction and/or repeated introductions of Ae. albopictus into the U.S. The high levels genetic variation and the local breeding structure of the U.S. populations, both comparable to those in a native habitat (Black et a!., 1988b) , support this view. Second, there was considerable movement of population within the U.S. subsequent to establishment in Houston with a rapid spread of Ae. albopictus to at least 20 states in about 4-5 years. Such movement must have resulted in considerable gene flow. For example, the Hexp for Memphis increased from 0122 in 1986 to 0280 in 1988 and for Jacksonville from 0211 to 0352. Third, a rough estimate of effective population sizes based on values (Easteal, 1985) indicated an increase in the U.S. from the summer of 1986 through the fall of 1988. (The estimates for Ae. albopictus in Texas are: 102, 134, 155, 134 and 260 for each of the five sampling dates, respectively. We assumed that: Ae. albopictus goes through ten generations per year, twenty generations have elapsed in the U.S. before the first sampling and five generations elapsed between sampling in the summer and the sampling in the fall of each year).
This suggests that Ae. albopictus population is expanding, perhaps aided by an influx of new genetic material from locations within the U.S.
A large founder population, gene flow and a rapid increase in population size may impede the loss of genetic variation during founder events (Falconer, 1981; Janson, 1987; Nei et al., 1975) .
Our results indicate that Ae. albopictus was introduced into the U.S. with most of the genetic variation intact. This may have substantially enhanced its chances for establishment. The large founder population and rapid increase in population size also suggest that a future loss of genetic variation, as a direct consequence of the colonisation event, is unlikely.
